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(54) Preparation of aerosol compositions

(57) The invention relates to the preparation of aerosol compositions.

The invention povides a method for the preparation of liposomes in which at least two separate

components are brought together under pressure, a first component comprising water and a second

component comprising a lipid material. The components are then passed as a mixture under pressure

through a nozzle or other arrangement to produce an aerosol spray containing liposomes. In addition,

at least one of the first or second components preferably includes a separate active material.

The invention also provides a pack for use in preparing a liposomal aerosol comprising at least a first

and a second chamber, one chamber containing a first component comprising water and the other

chamber containing a second component comprising a lipid material, and one or both of the chambers

and/or a third chamber including a propellant material. The pack also includes an arrangement for

dispensing as a spray a mixture of the first and second components fed from their respective chambers

under pressure developed by the propellant material or materials.
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SPECIFICATION

Preparation of aerosol compositions

5 The present invention relates to tlie preparation of aerosol compositions, and in particular to the

in situ preparation of liposomes using a pressurised aerosol system.
.u^^ow

Certain therapeutically-active compounds are administered to patients by mhalat.on therapy,

that is they are administered to the respiratory tract through ihB nose or mouth as a vapour or

gas. or as a mist together with a carrier material in the form of a vapour or gas. Siiniterly. in

1 0 ?er^ain treatments of the skin, for example, for the ueatment of open wounds or sprains, for the

treatment of dermatological conditions, or for cosmetic pruposes, it may be desirable to

administer an active compound by spraying as a gas or vapour or mist. In «'ther event rt is

desirable that as high a proportion as possible of the intact active compound should reach the

intended site of action, and sometimes then that active compound should for a time remain

1 5 intact at the intended site of action. That is to say that the active oompound should be

administered without breaking down either in transit or immediately on contect with the patient.

Thus, for example, in the administration of the antl-asthmatic bronciiodilator compound

known as bitolterol (disclosed in British Specification No. 1,298,771) it is t<>^^..

administer the compound in such a manner as to obtain P«"«*™*'°"°**^^™^^^^^^

20 thereaby to obtain the most effective levels of active compound at the necessary s^fs of action.

In tiie past, it has been proposed to produce liposome compositions con aining biotogically-

artrveS>mpounds and such JSmpositions are disclosed, for example in Bnt-sh Specjficatio^^

Nos 1 575,343, 1,575,344 and 2,013,609 A. However, in such known compositions the

liposomal material is one which is pre-prepared and dried, typically by lyophilisation {freeze.

25 diving). The liposomal material is then reconstituted by mixing with water.

Als? aerosol compositions containing a variety of cosmetic and therapeuftc matenals are

known - see, for example. British Specifications Nos. 780.885, 993,702, 1,302,671.

1 381 184 1 516 195 and 2,001.334 A. However, while such known aerosol compositions

may c^ntain lipid ingredients, those ingredients are invariably present merely
f *«P«;^'"9'

30 susoendino emulsifying or like agents. Furthermore, such compositions are intended to produce 30

Sra dr?'sp«r2 that no liposomal fomiation is possible or, as in the case of the foundation

cream of Specification No. 780,885. are presented as an emulsified premix of any lipid and

""Tn addition, as disclosed in U.S. Specification No. 3,594,476. it has been proposed to

35 prepare lecithin aerosols useful for the treatment of lung disorders, which optional^ wnt^^^

bther therapeutic agents such as antibiotics. In the disclosed method of preparation, there is firet

prepared a suspension of DL dipalmitoyl-a-lecithin In water (or saline solution), with any

medicament being dissolved In the water or saline, that suspension then being nebulized i.e

formed into an aerosol, in an ultrasonic generator supplied with a earner air stream. Thus, the

40 disclosed method relies on relatively expensive ultrasonic equipment to produce the necessary

final mixture of lecithin and water, as well as on the use of an initial mixture ~'n.P"S'"flJ^cithin

suspended in water. Also, uhrasonic equipment can be noisy and would be unsuitable for use

""F^rthimore^as disclosed in U.S. Specification No. 4,371.451. it has been proposed to

45 produce lecithin-based cookware surface release compositions comprising water, lecithin and

dimethvlether as propellent. While in that disclosure the solutions are dispensed from an aerosol

SKr again, fhe disclosed method relies on the use of an initial mixture of lecithin d.sper^d

in water. Furthermore, what is sought is a quick-drying and thin coating of lecithin which does

not foam, rather than a liposomal material as such,
. ..^^..^.i en

50 We have now found surprisingly that by using a pressunsed aerosol system, liposomal 50

material can be formed extemporaneously from separate aqueous and lipid ^mponente^and

that active materials of various kinds may be administered with enhanced effect by dispensing

them as a sprayed mixture with a liposomal carrier formed in situ as the spray mprture is

disTenseS. aIso such liposomal material formed in situ as a spray mbcture is dispensed is useful

55 oar se for examole. in the treatment of lung disorders as known in the art.

'^SrdinSS.X present invention provides a method for the preparation of liposomes, which

meXd comjises bringing together under pressure at least two separate c^-^PO^";^' ° ^na
component comprising water and a second component composing a lipid nriatenal. e"d P^ssmo

the mixture under pressure through a nozzle or other arrangement thereby to produce an aerosol

'° ^''«£^oV;SrremiOn provides for the in situ or extemporaneous Prff-rai^onoi

liposome* using a pressurised aerosol system. In the invention, an aqueous first

?°Xh
a se^nd componeSt comprising dry lipid material are mixed to produce a spray " which t^^

liposomes may be present as such or as a liposomal (arner for one or more other niatena s.

65 tSu7 in one prefeired embodiment of the invention there is produced a liposomal aerosol 66
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including liposomal carrier and a separate active material which generally will be one which is

biologically-active and/or useful in the treatment or care of the human or animal body. Such an
active material also will generally be a non-lipid material although in some instances a lipid may
be used to carry an active moiety, for example, attached thereto.

£ Alternatively, the invention can be used to prepare and provide a liposomal aerosol as such, 5
that is without a separate active compound or other material. Such aerosols would find

application in a number of ways, either to prepare liposomes per se for a variety of applications,

or in therapy. In particular, they would be useful in partur'rtion where newborn infants with

breathing difficulties (respiratory distress syndrome) could be assisted to breathe more normally

10 by administering a lipid material to their bronchial regions to supplement the low levels of 10
naturally present lung surfactant found in these infants.

Preferably, however, a separate active material is provided, which initially may be present in

either the first or more preferably the second component. Such an active material may be
present as a suspension e.g. of say a dry powder, in the first or second component, but

1 5 preferably is in solution in one of the components. By using a solution of active material It is 15
possible to avoid any settling out as would be the case with a suspension, and any consequent
variation in dosage level due to settling.

In the method of the invention, the action of forming/or spraying the mixture leads to the

preparation of a liposomal material. Thus, we believe that as the mixture is formed there is

20 produced an emulsion comprising lipid micelles in suspension in water, which then produces 20
liposomes on spraying. Furthermore, where an active material is present the liposomal material

includes active material carried by an aqueous medium either trapped in encapsulated form
between the lipid layers or sandwiched between molecules of lipid. By varying the conditions

under which the two components are mixed and/or sprayed, the size of the liposomes and the

25 relative proportions of free and incorporated active material can be varied within wide limits, the 25
latter up to about 100% incorporation. Thus, for example, by forming and/or spraying the

aerosol mixture under varying degrees of mixing activity, for example, as provided by turbulent

conditions created say in a mixing chamber and/or feed means associated therewith and/or in a

spray nozzle, a spray can be formed either as one having a high proportion of free active

30 material-giving fast action with a reserve of slow-release active material-or as one having a 30
lower proportion of free active material - giving a slower action with a more prolonged and
controlled release of active material. Thus, in the latter case, there may be produced a

composition comprising acth^e material in which a high proportion of the material is- enabled to

be carried in a "protected" form to the intended site of action, and/or otherwise to act in a

35 sustained-release manner. 35
The method of the invention is applicable to the preparation, in a form suitable for immediate

administration, of compositions comprising a wide variety of biologically-active meterials and/or
other materials useful in the treatment or care of the human or animal body. Typically, the

method may be employed to prepare compositions comprising therapeutically-active com-
40 pounds, including those used in veterinary treatments, as well as biologically-active reagents, 40

cosmetically-active materials, compounds having nutritional value, and other materials used to

treat or care for the human or animal body.

Suitable cosmetically-active materials include products intended for skin care and hair care, for

example, humectants, artificial tanning agents (optionally in association with colourants), water-

45 soluble anti-sunburn agents, antiperspirants, deodorants, astringents and freshening, toning, 45
cicatrisant, keratolytic and depilatory products, perfumed water, extracts of animal or plant

tissues, water-soluble hair dyes, anti-dandruff agents, anti-seborrhoea agents, oxidising agents

e.g. bleaching agents, and reducing agents.

Therapeutically-active compounds which may be mentioned include vitamins, steroids, hor-

60 mones, active peptides, enzymes, vaccines, anti-inflammatory agents, antibiotics and bacteri- 50
cides. However, the method of the invention is particulariy applicable to the administration of

therapeutically-active compounds used in Inhalation therapy such as bronchodilators and anti-

asthmatic compounds, as well as anti-tumour agents. Such compounds included in or with the

liposomal carrier are able to penetrate the bronchial tree, thus enabling the effectiveness of the

55 therapy to be advantageously modified. Similariy, in the treatment of skin wounds or other 55
dermatological treatments, or in cosmetic treatment, the liposomal carrier can be employed to

produce (to advantage) a modified effect, for example, a sustained-release effect, thus enabling a

particular level of treatment to be maintained over a longer period of time.

In accordance with the above, and by way of example only, the following specific compounds
60 and routes of administration may be mentioned: 60
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Active Compound

Stanozolol

Hydrocortisone
(and its esters)

Betamethasone
(and its esters
e.g. its valerate)

Bitolterol
15 (and its esters

e.g. its mesylate)

20

Salbutamol

Theophylline

25 Sodium chromoglycate

N-Acetylrauramyl-L-
alanyl-D-

30 isoglutaraine
(adjuvant dipeptide)

35 Propranolol

Class of Compound

Anabolic Steroid

Ant i- inflammatory
steroid

Ant i- inflammatory
steroid

Catecholamine
bronchodilator

Catecholamine
bronchodilator

'Xanthene
bronchodilator

Non-steroidal
anti-asthmatic

Macrophage
activating
agent
( Anti-tumour
dipeptide)

B-blocking agent
and contraceptive

Route of
Administration

Topical

Topical

Topical

Inhalation

Inhalation

Inhalation

Inhalation

Inhalation/
intranasal

Intravaginal

Of course it will be understood by those skilled in the art that a wide variety of other active

maS mVbT employed, as well as other routes of administration. For example, compo-

40 sSVrodSLd iSThV^ of the invention containing appropriate active matenals could be

administered direct say to the eye or even intravenously.

l^adSon there may be mentioned biologically-active matenals which

theraScally active such as vaccines, or other biologically-active matenals useful as reagen^^^

such as an^^ and/or antibodies e.g. anti-rabbit IgG. Reagents of this kmd may be useful as

45 markere in say testing blood samples, typically for the presence or absence of disease.

Thnoosrm^^^ in the invention may be one which is positively or negatively

chlrgeS^or neutral. The material comprises Particulate lipid maten^^^^^^^^ m

aqueous dispersion or suspension, and may include one or more other ^^'^e m«^^^^^^^^^^

Furthermore the lipid material may be in the form of unilamellar and/or multilamellar lipid

SO bilavers which may carry associated with them any said other active matena .

typically comprises a phospholipid, and is preferably a phospholipid

wwJh om^^^^^^^^ Jholine' e.g. dipalmitoyi phosphatidyl chdme as such or in the

form of lec^hin; a phosphatidyl serine. The liposomal material may be ^rm^d frorn a

phosphoSpid alone or togetheV with cholesterol and/or at least one compound which c^^^^^

55 fharge on the liposomal material. Thus, for example, charge may be conferr^^^^

material by employing dicetyl phosphate or phosphatidic acid, which can ^ivea^e^^^^^

charaed lipid material, or stearylamine, which can give a positively charged lipid material.

t£ us?S thHboJe materials and their proportions, as well as the wide choice of m^^^^^^^

and the variations in proportions which may be employed, is well known to the man skilled in

60 the art HoS^^ by wa? of example only, in one preferred embodiment ac^o^^^^^^^^^^^^^

nvention, the second component may comprise a phospholipid consisting
J*

« P^o^^^^^

choline and cholesterol, typically in relative molar proportions of about 8 : from about 1 to

'^ranotSe^'pre^^^^^^^^^ in accordance with the J^^^ion

65 may comprise a phospholipid consisting of a phosphatidyl choline, cholesterol and dicetyl
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phosphate, typically in relative molar proportions of about 8 : from about 1 to about 2 : from

about 1 to about 0.05, e.g. about 8.5 : 1 : from about 0.7 to about 0,07.

In a further preferred embodiment in accordance with the invention, the second component

may comprise a phospholipid consisting of a phosphatidyl choline, cholesterol and phosphatidic

5 acid, typically in relative molar proportions of about 8 : from about 1 to about 2 : from about 1 5

to about 0.1, e.g. about 8.5 : 1 : about 0.1

.

In yet another preferred embodiment in accordance with the invention, the second component

may comprise a phospholipid consisting of a phosphatidyl choline, cholesterol and stearylamine,

typically in relative molar proportions of about 8 : from about 1 to about 2 : from about 1 to

10 about 0.05, e.g. about 8.5 : 1 : about 0.06. 10

Alternatively, the second component may comprise, for example:

a mixture of a phosphatidyl choline e.g. lecithin, and phosphatidic acid e.g. In a ratio of about

60 : about 1; or

a mixture of a phosphatidyl choline e.g. lecithin, and dicetyl phosphate e.g. in a ratio of about

15 15 : about 1.

The aqueous liposomal material produced in the invention should preferably have a pH value

within the physiological range, and thus preferably in the range of from about 6.8 to about 7.4.

more preferably of from about 7 to about 7.4. To that end it may also contain a buffer or

buffering system in an amount appropriate to establish and maintain the desired pH, and very

20 suitable for that purpose is a phosphate buffer, which typically may comprise sodium 20

dihydrogen phosphate and disodium hydrogen phosphate. Furthermore, such a buffer preferably

may be included In the aqueous first component. However, in some instances e.g. where the

active material comprises a reagent such as a test marker, the pH may be outside the

physiological range.

25 Depending on the ingredients of the second component, it may be necessary or preferred to 25

include a physiologically-acceptable liquid vehicle, preferably one in which both the lipid

material and any other active material are soluble. In the respect, preferred liquid vehicles are

relatively volatile organic solvents, for example, ethanol, chloroform (subject to local regula-

tions), ether and isopropyl alcohol.

30 Furthermore, the first component also may include a physiologically-acceptable liquid vehicle 30

in addition to water. Such a vehicle may be a volatile organic solvent, preferably a water-

miscible organic solvent, of which ethanol is preferred.

In a preferred embodiment of the invention, the first and second components are mixed under

pressure by the use of one or more aerosol propellents, which may be an ingredient of one or

35 both components and/or supplied separately. Preferably, however, a propellant is an ingredient 35

of the second component, and pressure is applied to the first component via a propellant held

separate therefrom.

Typically, one or each propellant may comprise a hydrocarbon or halogenated hydrocarbon or

mixture of such hydrocarbons. Examples of such propellents are propane, butane, dimethylether,

40 and propellant 1 1 (trichlorofluoromethane), although dichlorodifluoromethane or dichlorotetraflu- 40

oroethane or mixtures thereof are preferred. The propellant may be one formulated as a low

pressure propellant developing pressures up to say from about 25 to about 30 psi such as a

20:80 w/w mixture of dichlorodifluoromethane and dichlorotetrafluoroethane, or the propellant

may be a relatively high pressure propellant developing pressures up to say about 70 psi such

45 as an 80:20 w/w mixture of dichlorodifluoromethane and dichlorotetrafluoroethane. It will be 45

appreciated, of course, that relative dose rates as between components can be controlled and

varied inter alia depending on the propellant pressure employed for each component.

in the method of the invention it is prefeaed that the first and second components should

each be provided isolated from each other, that each of the components should be supplied in

50 controlled discrete doses to a mixing chamber under their own propellant pressure, and that the 50

thus-formed mixture should be discharged from the mixing chamber through an orifice under

pressure from at least one of said propellents. Preferably also, the first and second components

are mixed in a manner which provides a metred dosage of any said active material.

More preferably, the second component is supplied as a metered dose to a metered dose of

55 the first component, and is preferably brought into contact with at lest the bulk of the first 55

component at a plurality of sites within said metered dose. Thus, in particular, the method of

the invention more preferably comprises in sequence the following steps, namely:

the first component is supplied to a mixing chamber in a metered amount;

a metered amount of the second component is supplied to the mixing chamber in a manner to

60 produce turbulent mixing of the two components, preferably by bringing the second component 60

into the mixing chamber at a plurality of sites; and

the mixture is discharged from the mixing chamber.

Conveniently, the metered amount of first component is controlled by supplying the first

component to the mixing chamber in an amount to fill the chamber, and by choosing the

65 chamber volume so as to give the desired metered amount of first component. 65
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comprising water, which ^ay be a birffered aqueot^
including,

a second component comprising a lipid
the treatment 5

5 preferably in suspension or solution *ere.n a m d a^ive
"JJ^^^;^^^^^^ chamber

^irJ^^Xil'K *r^w^c«v. vlv. me,™ aod cha"""- '«=P<>"<' "•"»»" » "»»•

40 *lirb^i5e I'h r.X««v. V*. .nd mixin, d»a,ber dl«»sod b«we,„ » above 40

50 flexible-waHed closed chamber preferably surroun-^^^^^

surrounded by a rigld^lad ohanjbar
"^^^^SliSTn in Duttir« the pn»ant uwertion into

66 rr^aJ^JXa^TJ^raT;:^^ p."---- o«
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especially preferred arrangement mentioned above, the mixing chamber preferably has a volume

of from about 50 to about 100 e.g. 75 to 100, microlitres, and the valve controlling the

metering of the second component preferably dispenses to the mixing chamber from about 50
to about 100 microlitres per activation.

5 In the case of liposome size, we believe that will be controlled in the main by the pressure 5

generated by the propellant or propellants and/or by the viscosity of the components. Generally

speaking, the more vigorously the compounds are mixed the smaller will be the size of

liposomes. However, the size of the discharge or dispensing orifice of the valve used to dispense

the mixed components may also effect the size of liposomes produced, and preferably such a

1 0 discharge orifice has a size of from about 350 to about 450 microns. 10
On the other hand, the above-mentioned parameters once having been fixed, the resultant

dose level can readily be ascertained, as can also the degree of incorporation of any active

material, and the size of liposomes produced.

As will be appreciated by those familiar with formulating active materials with carrier

1 5 materials, in the present invention the level of incorporation of active material within the 1

5

liposomal carrier may have a pronounced effect on the datum dose level chosen for the overall

formulation. Accordingly, such a datum dose level will be a matter of formulating choice

depending on the envisaged criteria to be met by any one particular formulation.

The invention further includes a liposomal material or a liposomal composition when prepared

20 as a spray by a method as described herein or by the use of a pack as described herein. 20
The following Examples illustrate the method and aerosol pack of the invention.

In the specific Examples given, a majority of the formulations include ammonium molybdate

as an electron dense material, which was incorporated merely as a marker to facilitate detection

of the liposomes, and measurement of their diameter using an electron microscope. It will, of

25 course, be understood by those familiar with pharmaceutical formulations that ammonium 25
molybdate, which is moderately toxic, should not be part of an actual working formulation for

administration to a patient. As can be seen from a comparison say of Example 1 9 and Example

20 below, the omission of ammonium molybdate has no detrimental effect on the level of

incorporation of active ingredient and, in fact, the level of incorporation is slightly higher in

30 Example 20. Accordingly, in any of the exemplified formulations the molybdate marker can be 30
omitted without detriment, and the given results can be obtained in its absence.

Also, while a variety of levels of active ingredient are exemplified, and while those in turn give

a variety of levels of free and incorporated active ingredient per actuation, again it will be
understood by the skilled formulator that the dose level and the kind of formulation chosen for

35 any particular working pack will depend on the particular desired dosing regimen to be • 35
achieved, as well as any necessary or desired balance between unincorporated and incorporated

active material.

For example, assuming an average person on average applies a cream formulation to skin at a

level of 2.2 mg/cm^, and assuming a single aerosol actuation or "shot" covers 25 cm^ of skin,

40 the following comparison may be made between exemplified and standard compositions: 40

Application level

Formulation (m!crograms/cm^)

45 Stanozolol cream (0.1%) 2.3 45
Stanozolol aerosol of

Example 21 4.0
Hydrocortisone cream
(1.0%) 23

50 Hydrocortisone aerosol 50
of Example 25 4.8

Betamethasone cream (0. 1 %) 2.5

Betamethasone aerosol of

Example 27 0.64
55 55

Thus, the active material can be dispensed at an overall dose level above or below (or even at)

the known standard level, to provide any desired variation In effect, that variety of effect being

enhanced by the degree of incorporation chosen.

Similariy, in the case of formulations destined for inhalation, the overall dose level may be

60 varied depending on the required effect. Thus, for example, as illustrated by Example 31, 60
saibutamol may be dispensed per actuation effectively as 1 25 micrograms of free material, as

compared wjth 100 micrograms per actuation from a standard dispenser. Furthermore, as

illustrated by Examples 29 and 30 respectively, active material can be administered at much
higher or much lower dose levels per actuation than is standard -that is 933 micrograms vs.

65 200 micrograms (standard) in the case of bitolterol in Example 29, and 200 micrograms vs. 65
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2mg (standard) in the case of sodium cromoglycate in Example 30-although in both in«^^^^

the dose level may be adjusted to the standard lev^il by altering the overall amount of active

material carried by the second or first component respectively.

® ^240 mg of egg lecithin and 28 mg of cholt«'ce.ol «.ere dissolved in 4 ml of

fZ-irZ*Alfi to 55 n of a 20-80 w/w mixture of d ch orodifluoromethane and dichiorotetratiu-

'.?lSne oroDeNant TheSre was^hen sealed in a first container fitted with a valve. 26 ml

7!TrnM !aol^^^ solution. pH 7.2, were mtroduoed i-ito an alummium

ift Zl which was then sealed in a separate container fitted with a valve and containing 25 g of the

1 6 from 40 nm to 1000 nm.

nmcfdure of Example 1 was repeated except that the first container fitted with a valve

coIS^ertrl or2T; mg of egg'lecithin 28 mg of
^J/^TLJ^-^^^^^

20 acid dissolved in. 4 ml of ethanol, together with 25 g of a 40 60 w/w mixture ot

/i!<4>inmH»luoromethane and dichlorotetrafluoroi.iethsine propeiiant.

'thf^'E^TrC^^^^ could be used to produce an
««TLtjfof'K' 40 rS7(^0

charged multilamellar and unilamellar liposomes with a mean diameter of from 40 nm to lOOO

nm. 25
26

^^i'oiLfdure of Example 1 was repeated except that the first container fitted with a valve

nm.

nm.

10

15

^O^miyeaa lecithin were dissolved in ethyl alcohol (96% BP) and the volume made up to

65 11 mTlmXl^SlTo provide a lipid component. The resultant solution was transferred to

20

^^hfptfcidure of Example 1 was repeated except that the first contelner fitted with a valve

r«nSnJd a miSure of 240 mg of egg lecithin and 4 mg of phosphatidic acid dissolved in 4 ml

Ternll. t^gelSer wir257of a 20 : 80 w/w mixture of dichlorodifluoromethane and

40 ''?irruC-ss^^^^^^^
charged multilamellar and unilamellar liposomes with a mean diameter of from 40 nm to 1000

A« ^^1!rSfcfdure of Example 1 was repeated except that the first container fitted with a valve 45

*%on?a 'ermiSu°l ofT4'mfl oTdipal'm^^^^

of dicTivl DhosDhate and 2 mg of bitolterol mesylate dissolved in 4 ml of ethanol, together with

?5 i1?i 40^60 w/w of dichlorodifluiromethane and dichlorotetrafluoroethane

50 "Te' resulting arrangement could be used to produce an aerosol which contained negatively 50

charged multilamellar and unilamellar liposomes with a mean d'ameter of fro-n 40 jm to^OOO

nm. In addition, more than 50% of the bitolterol mesylate was incorporated in the liposomes.

orocfdure of Example 1 was repeated except that the first container fitted wHh a valve 55

coined a miSure ?fT40 mg of egg lecithin, 28 mg of cholesterol, 2 '^9 ^^^i^'-^^^V'
P^^^JS^

20 mg oTSTolterai mesylSe diSved in 4 ml of ethanol, togethj wrth 25 g of a 40 :
60

w/w mixture of dichlorodifluoromethane and dichlorotetrafluoroethane propeiiant.

T^e rLSng ariang^^^^ could be used to produce an aerosol which contained f"amfa^

60 anrunHamS fijosomes with a diameter of from 40 nm to 100 nm. In addition, more than 60

50% of the bitolterol mesylate was incorporated in the liposomes.

65
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a glass vessel and 7.0 g of dichlorodifluoromethane were added thereto. The glass vessel was
then sealed with a 65 microlitre metering valve associated with a 75 microlitre nnixing chamber
arranged to receive lipid component discharged through the metering valve and itself forming

part of a second valve system.

5 The thus-formed assembly was placed within a second flexible vessel (a tubular bag) 5

containing 40 ml of ammonium molybdate solution (0.5% w/v in deionised water) to provide

an aqueous component, that component being in communication with the mixing chamber with

the second valve in its closed position. The second vessel was then crimped into a cannister

containing 2.0 g of dichlorodifluoromethane propellant in a manner whereby the second valve

10 system (associated with the bag and mixing chamber) could, when itself activated, also activate 10

the first valve for discharge of lipid component into the mixing chamber, and thereby provide

discharge of mixed components from the overall aerosol cannister assembly e.g. as described in

the above-mentioned British Patent Application No. . based on Swiss Patent Applica-

tion No. 4450/83. A standard button actuator with 450 micron orifice was then fitted to the

1 5 second valve system. 1

5

The resulting aerosi cannister assembly could be used to produce an aerosol spray which

contained unilamellar and multilamellar liposomes with diameters of from 40 nm to 400 nm.

EXAMPLE 8
20 The procedure of Example 7 was repeated except that the glass vessel was fited with a 50 20

microlitre metering valve associated with a 100 microlitre mixing chamber. The resulting aerosol

cannister assembly could be used to produce an aerosol spray which contained unilamellar and

multilamellar liposomes with diameters of from 40 nm to 1000 nm.

25 EXAMPLES 25
The procedure of Example 7 was repeated except that the glass vessel was fitted with a 100

microlitre metering valve associated with a 100 microlitre mixing chamber. The resulting aerosol

cannister assembly could be used to produce an aerosol spray which contained unilamellar and
multilamellar liposomes wth diameters of from 50 nm to 1000 nm.

30 30
EXAMPLE 10
60.0 mg of egg lecithin and 7.0 mg of cholesterol were dissolved in 1 .0 ml of ethyl alcohol

(96% BP). The resultant solution was transferred to a glass vessel and 6.0 g of a 20:80 w/w
mixture of dichlorodifluoromethane and dichlorotetrafluoroethane were added thereto. The glass

35 vessel was then sealed with a 50 microlitre metering valve associated with a 1 00 microlitre 35
mixing chamber, as in Example 7.

The thus-formed assembly was placed within a second, flexible vessel containing 40 ml of 3.3

mM aqueous sodium phosphate solution having a pH of 7.2. Again, as in Example 7. the

second vessel was then crimped into an aerosol cannister containing 2.0 g of dichlorodifloro-

40 methane propellant in a manner whereby the second valve system could provide discharge from 40
the overall aerosol cannister assembly. A standard button actuator with 450 micron orifice was
then fitted to the second valve system.

The resulting aerosol cannister assembly could he used to produce an aerosol spray which

contained unilamellar and multilamellar liposomes with diameters of from 40 nm to 1000 nm.
45 45

EXAMPLES 11 to 15
The procedure of Example 10 was repeated using in the glass vessel a solution of the

following ingredients dissolved in 1 .0 ml of ethyl alcohol (96% BP), namely:

50 Example No. 50
1 1 . 60.0 mg of egg lecithin, 1 .0 mg of phosphatidic acid and 7.0 mg of cholesterol.

12. 60.0 mg of egg lecithin, 0.4 mg of stearylamine and 7.0 mg of diolesterol.

1 3. 60.0 mg of egg lecithin and 1 .0 mg of phosphatidic acid.

14. 0.5 mg of bitolterol mesylate, 6.0 mg of dipalmitoytphosphatidyl choline, 0.5 mg of

55 dicetyl phosphate and 0.7 mg of cholesterol. 55
15. 5,0 mg of bitolterol mesylate. 60 0 mg of «ag lerithin. 0.5 mg of dicetyl phosphate and

7.0 mg of cholesterol.

The resulting aerosol cannister assembly for each of Examples 1 1 to 1 5 could be used to

produce an aerosol spray which contained unilamellar and multilamellar liposomes with

60 diameters of from 40 nm to 1000 nm. 60

EXAMPLE 16
100 mg of egg lecithin and 6.0 mg of stanozolol were dissolved in ethyl alcohol (96% BP)

and the volume made up to 2.0 ml with ethyl a coho' The •'exultant solution was transferred to

65 a glass vessel and 9.0 g of dichlorodifluoromethsne were added thereto. The glass vessel was ^5
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then sealed with a SO microlitre metering valve associated with a 100 microlitre mixing

n;rruLraerctnTs^^ Of 10
conteined unilamellar and multilamellar liposomes with diameters of ^JT^JJ^J"^ °* '

°

??e 50 0 micrograms of stanozolol released by each actuation of the second vah/e system, an

arSourtofTl Je micrograms was shown to be associated with the liposomes.

^he pto^cidure of Example 1 6 was repeated except that the «>'"t7,«"fj^J^^^^^^^^^^
^
^

.K^A ARn mn nf Aflo tficHhin and 60 mg of stanozolol dissolved m ethyl alcohol (30^

rh"tSrSoSe7a3ll1>^o^^^^^ eth?. alcoho. 4.5 g of dichlorodifluoromethane were

oHHpd to the vessel and the button actuator had a 360 micron onfice.

''Se SsultinTa^^^^^^^^ assembly could be used to ^^^d^^^^SZI^^ZVo'l Of
20 contained unilamellar and multilamellar liposomes with diameters of from 44 nm to ^40 nm ut

^°
Se sio 0 micrograms of stanozolol released by each actuat on of the second valve system, an

amount of 35.4 micrograms was shown to be associated with the liposomes.

25 ^?he ptfcIJure of Example 17 was repeated f"P*;''«i?« '"S^^^^^^

"

30 arSount^of 1 70 5 micrograms was shown to be asoclated with the liposomes. 30

10

15

55

20

35
^?J^cedure of Example 1 6 was repeated except that

'^^^^^^^

,.«mnri«lH QOO mci of eoo locithin and 60 mg of stanozolol dissolved in ethyl alcohol (96% Bf),

35 ^hTe^oSe7a3e?p^f3 0 mtwith eth?l alcohol, and 4.5 g of dichlorodKluoromethane

"irJe'lltfnVtrsT^ assembly could be used to produce an aerosolspray whic^

contained unilamellar and multilamellar liposomes with diameters of from 40 nm to 350 nm. Of

riio 0 rJ Xtrl^^^ releaSeji by each aquation erf the
^^^^

valve system, an

40 amount of 81 .3 micrograms ws shown to be assoaated with the liposomes.

^he ptocfdure of Example 19 was repeated except that the second vessel contained 40 ml of

45 'tft'e'soS mitS;,rams of stanozolol released by each actuation of the second valve system, 45

an amount of 85.0 micrograms was shown to be associated with the liposomes.

^^pmcfdure of Example 20 was repeated except that the solution filled into the glass vessel

'°
~?fe"riult^gTrlsTcrni«er assembly could be used to produce an aerosojspray whi^^

contained unilimellar and multilamellar liposomes with diameters of from 40 nm to350 nrn. Of

~e ?00 nicrograms of stenozolol released by each ?«"ation of th^^^^^^ system, an

amount of 76.8 micrograms was shown to be associated with the liposomes.

ptocfdure of Example 21 was repeated except that the second vessel conteined 40 ml of

n solution of ethvl alcohol (1% v/v) in deionised water.

60The resulting aerosol cannister assemoiy couio "«» uaou ^n «m ^no nm Of
60 conSnS unilamellar and multilamellar liposomes with diameters of from 30 nm to 500 nrn. ot

r?00 n^cT^grams of stenozolol released by each
^'^f^rj>^^l'^;;^^''"

amount of 77.3 micrograms was shown to be associated witii the liposomes.

65 ^^.e pt^durB of Example 21 was repeated except that the second vessel conteined 40 ml of 65
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a solution of ethyl alcohol (5% v/v) in deionised water.

The resulting aerosol cannister assembly could be used to produce an aerosol spray which

contained unilamellar and multilamellar liposomes with diameters of from 30 nm to 500 nm. Of

the 100 micrograms of stanozolol released by each actuation of the second valve system, an

5 amount of 76.3 micrograms was shown to be associated with the liposomes. 5

EXAMPLE 24
The procedure of Example 21 was repeated except that the second vessel contained 40 ml of

a solution of ethyl alcohol (10% v/v) in deionised water.

10 The resulting aerosol cannister assembly could be used to produce an aerosol spray which 10

contained unilamellar and multilamellar liposomes with diameters of from 30 nm to 500 nm. Of

the 100 micrograms of stanozolol released by each actuation of the system, an amount of 66.6

micrograms was shown to be asociated with the liposomes.

15 EXAMPLE 25 15

The procedure of Example 1 7 was repeated except that the solution filled into the glass vessel

comprised 900 mg of egg lecithin and 1 4.4 mg of hydrocortisone BP dissolved in ethyl alcohol

(96% BP), with the volume made up to 3.0 ml with ethyl alcohol.

The resulting aerosol cannister assembly could be used to produce an aerosol spray which

20 contained unilamellar and multilamellar liposomes with diameters of from 44 nm to 220 nm. Of 20
the 1 20 micrograms of hydrocortisone BP released by each actuation of the second valve

system, an amount of 54.0 micrograms was shown to be associated with the liposomes.

EXAMPLE 26
25 The procedure of Example 1 8 was repeated except that the solution filled into the glass vessel 25

comprised 841 mg of egg lecithin, 54.8 mg of dicetyl phosphate and 14.4 mg of hydrocorti-

sone BP dissolved in ethyl alcohol (96% BP), with the volume made up to 3.0 ml with ethyl

alcohol, and 4.5 g of dichlorodifluoromethane were added to the vessel.

Of the 1 20 micrograms of hydrocortisone BP released by each actuation of the second valve

30 system, an amount of 45.6 micrograms was shown to be associated with the liposomes. 30

EXAMPLE 27
The procedure of Example 26 was repeated except that the solution filled into the glass vessel

comprised 841 mg of egg lecithin and 4.8 mg of betamethasone valerate BP/USP/NF
35 dlssoh^ed in ethyl alcohol (96% BP), with the volume made up to 3.0 ml with ethyl alcohol. 35

The resulting aerosol cannister assembly could be used to produce an aerosol spray which
contained unilamellar and multilamellar liposomes with diameters of from 20 nm to 300 nm. In

addition, 1 6 micrograms of betamethasone valerate were released by each actuation of the

second valve system.

40 40
EXAMPLE 28
The procedure of Example 27 was repeated except that the betamethasone was omitted from

the solution filled Into the glass vessel.

The resulting aerosol cannister assembly could be used to produce an aerosol spray which

45 contained unilamellar and multilamellar liposomes whh diameters of from 30 nm to 1 000 nm. 45

EXAMPLE 29
The procedure of Example 26 was repeated except that the solution filled into the glass vessel

comprised 841 mg of egg lecithin and 1 12 mg of bitolterol mesylate dissolved in ethyl alcohol

60 (96% BP), with the volume made up to 3.0 ml with ethyl alcohol. 50
The resulting aerosol cannister assembly could be used to produce an aerosol spray which

contained unilamellar and multilamellar liposomes with diameters of from 25 nm to 250 nm. Of

the 933 micrograms of bitolterol mesylate released by each actuation of the second valve

system, an amount of 545 micrograms was shown to be associated with the liposomes.

55 55

EXAMPLE 30
The procedure of Example 28 was repeated except that the second vessel contained 40 ml of

a solution of sodium chromoglycate USP XX, BP '80 (2mg/ml) and ammonium molybdate

(5mg/ml) in 0.1 M sodium phosphate buffer at a pH of 7.4.

60 The resulting aerosol cannister assembly could be used to produce an aerosol spray which 60
contained unilamellar and multilamellar liposomes with diameters of from 35 nm to 700 nm. Of

the 200 micrograms of sodium chromoglycate released by each actuation of the system, an

amount of 22 micrograms was shown to be associated with the liposomes.

65 EXAMPLE 31 65
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15

The procedure of Example 18 was repeated except that the 60 hng of stanozolol were replaced

by 1 5 mg of salbutamol base BP.

The resulting aerosol cannister assembly could be used to produce an aerosol spray which

contained unilamellar and multilamellar liposomes with diameters of from 30 nm to 300 nm. Of

5 the 250 micrograms of salbutamol relesed by each actuation of the second valve system, an 5

amount of 125 micrograms was shown to be associated with the liposomes.

EXAMPLE 32 ^ , x
the procedure of Example 28 was repeated except that the second vessel contained 1 0 ml of

10 a solution of N-acetylmuramyl-L-alanyl-D-isoglutamine [NALAG] (100 micrograms/ml) and 10

ammonium molybdate (5mg/ml) in deionised water.

The resulting aerosol cannister assembly could be used to produce an aerosol spray which

contained unilamellar and multilamellar liposomes. In addition, 10 micrograms of NALAG were

released by each actuation of the second valve system.
15

EXAMPLE 33 ^
841 mg of egg lecithin were dissolved in ethyl alcohol (96% BP) and the volume made to 3.0

ml with ethyl alcohol. The resultant solution was transferred to a glass vessel and 4.5 g of

dichlorodifluoromethane were added thereto. The glass vessel was then sealed with a 50

2Q microlitre metering valve associated with a 100 microlitre mixing chamber, as in Example 7. 20

The thus-formed assembly was placed within a second, flexible vessel containing 35 ml of a

dilution (50 microlitres/ml) of anti-rabbit IgG (1/64 Titre versus 1/640 normal rabbit serunn as

determined by agar block precipitin titration) and ammonium molydbate (5 mg/ml) in deionised

water. Again, as in Example 7, the second vessel was then crimped into a cannister containing

25 2.0 g of dichlorodifluoromethane propellent in a manner whereby a second valve system could 25

provide discharge from the overall aerosol cannister assembly. A standard, button actuator with

450 micron orifice was then fitted to the second valve system.

The resulting aerosol cannister assembly could be used to provide an aerosol spray which

contained unilamellar and multilamellar liposomes. 5 microlitres of anti-rabbit IgG (1/64 Titre)

30 were released by each actuation of the second valve system. 30

It Is to be understood that the invention is not limited to the details of the above specific

Examples. Thus, for example, a variety of other lipid materials may be employed to form the

desired liposomal material and a wide range of active materials may be carried therewith. Also,

a number of other aerosol anrangements may be employed, particularly one of those other

35 specific arrangements mentioned above. Furthermore, the necessary pressure can be generated 36

by means other than the use of one or more aerosol propellents.

Generally, as will be appreciated from the above description, the invention overall embraces

any method for the in situ preparation of liposomes using a pressurised aerosol system, whether

or not the liposomes include or are with a separate active component, and a pack for use in

40 such a preparation. ^0

CLAIMS
1 . A method for the preparation of liposomes, which method comprises bnnging together

under pressure at least two separate components, a first component comprising water and a

45 second component comprising a lipid material, and passing the mixture under pressure through 45

a nozzle or other arrangement thereby to produce an aerosol spray containing liposomes.

2. A method according to claim 1 , wherein at least one of said first or second components

includes an active material which is biologically-active and/or useful in the treatment of care of

the human or animal body.

50 3. A method according to claim 2, wherein the active material is in solution in the first or 50

second component.

4. A method according to claim 2 or claim 3, wherein the active material is therapeutically-

or cosmetically-active.

5. A method according to claim 4, wherein the active material is a bronchodilator, an anti-

55 asthmatic compound, an anti-tumour agent, an anti-inflammatory, a contraceptive or an anabolic 55

steroid.

6. A method according to claim 4, wherein the active material is a compound selected from

bitolterol and its esters, stanozolol, hydrocortisone and its esters, betamethasone and its esters,

salbutamol, theophylline, sodium chromoglycate, N-acetylmuramyl-L-alanyl-D-isoglutamine, or

60 propranolol. ... ^
®^

7. A method according to claim 2 or claim 3, wherem the active material ts a biologically-

active reagent.
. .

8. A method according to any one of claims 2, 3 or 7, wherein the active material is an

antigen or antibody.

65 9. A method according to claim 2 or claim 3, wherein the active material is one or more • oo
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compounds having nutritional value.

10. A method according to any one of the preceding claims, wherein the lipid material of

the second component is a phospholipid material chosen so as to provide a positively charged, a

negatively charged or a neutral liposome.

5 1 1 . A method according to claim 10, wherein the lipio material of the second component is 5

a phospholipid which comprises either a phosphatidyl choline, a phosphatidyl ethanolamine or a

phosphatidyl serine alone, cr one or more of those lipid materials together with cholesterol

and/or at least one of dicetyl phosphate, phosphatidic acid or stearyiamine.

12. A method according to claim 1 1 , wherein the second component is chosen to provide a

10 neutral liposome and comprises a phospholipid consisting of a phosphatidyl choline and 10

cholesterol in relative molar proportions of about 8 : from about 1 to about 2.

13. A method according to claim 1 1 , wherein the second component is chosen to provide a

negatively charged liposome and comprises a phospholipid consisting of a phosphatidyl choline,

cholesterol and dicetyl phosphate in relative molar proportions of about 8 : from about 1 to

1 5 about 2 : from about 1 to about 0.05. ^ ^

14. A method according to claim 1 1 , wherein the second component is chosen to provide a

negatively-charged liposome and comprises a phospholipid consisting of a phosphatidyl choline,

cholesterol and phosphatidic acid in relative molar proportions of about 8 : from about 1 to

about 2 : from about 1 to about 0.1

.

20 1 5. A method according to claim 1 1 , wherein the second component is chosen to provide a 20

positively charged liposome and comprises a phospholipid consisting of a phosphatidyl choline,

cholesterol and stearyiamine in relative molar proportions of about 8 : from about 1 to about 2 :

from about 1 to about 0.05.
. . ,. .. .

16. A method according to any one of claims 1 1 to 1 5. wherein the phosphatidyl choline is

25 dipalmitoyi phosphatidyl choline as such or in the form of lecithin. 25

17. A method according to any one of the preceding claims, wherein the first component

includes a buffer or buffering system in an amount appropriate to establish and maintain a pH

within the physiological range.

18. A method according to any one of the preceding claims, wherein the second component

30 includes a physiologically-acceptable liquid vehicle. 30

1 9. A method according to claim 18, wherein the vehicle is volatile organic solvent in which

both the lipid material and any said active material are soluble.

20. A method according to claim 18, wherein the liquid vehicle is ethanol, chloroform, ether

or isopropyl alcohol.
. . * qc

35 21 . A method according to any one of the preceding claims, wherein the first component

includes a physiologically-acceptable liquid vehicle in addition to water.

22. A method according to claim 21 , wherein the vehicle is a volatile, organic solvent.

23. A method according to claim 22, wherein the solvent is ethanol.

24. A method according to any one of the preceding claims, wherein the first and second

40 components are mixed under pressure produced by at least one aerosol propellant. 40

25. A method according to claim 24, wherein a propellant Is an Ingredient of one or both

comoonents.
26. A method according to claim 25, wherein a propellant is an ingredient of the second

component, and pressure is applied to the first component via a propellant held separate

45 therefrom.
., .

27. A method according to any one of claims 24 to 26, wherein one or each propellant

comprises a hydrocarbon, a halogenated hydrocarbon or a mixture of halogenated hydrocarbons.

28. A method according to any one of claims 24 to 27. wherein one or each propellant is

dichlorodifluoromethane.

50 29. A method according to any one of claims 24 to 27, wherein one or each propellant is a 5Q

low pressure propellant developing pressures up to from about 25 to about 30 psi.

30. A method according to claim 29, wherein one or each propellant is a 20 : 80 w/w
mixture of dichlorodifluoromethane and dichlorotetrafluoroethane.

31 . A method according to any one of claims 24 to 27, wherein one or each propellant is a

55 high pressure propellant developing pressures up to about 70 psi. 55

32. A method according to claim 31, wherein one or each propellant is en 80 • 20 w/w
mixture of dichlorodifluoromethane and dichlorotetrafluoroethane.

33. A method according to any one of the preceding claims, in which said first and second

components are each provided isolated from each other, each of the components are supplied in

60 controlled discrete doses to a mixing chamber under their own propellant pressure, and the 60

thus-formed mixture is discharged from the mixing chamber through an orifice under pressure

from at least one of said propellants.

34. A method according to any one of claims 2 to 33, wherein the first and second

components are mixed in e manner which provides a metered dosage of the said active material.

65 35, A method according to any one of the preceding claims, wherein the second component 65
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20

25

30

36. A method *°
"J^^^^^^ chamber, a metered dose of the sewnd

S Sd S *e :rg tZlZ S a manner to produce turbulent mixing of the

reference to any one of the specific Examples.
comprises at least a first

their respective dwmjefe "«»'. i,~i„„8„ftalii«rstorsecon(lcoitiponenB

,5 J^esl'^"^Sen;2ir.%°^Si^^^^
I rea,™-. . cer. o, .S

the human or a"""^' body.
dispensing arrangement is such that the

active material can be dispensed,
I includes a discharge orifice. 20

dos. .1 mixtu™ oen I?
*'P'Sit?°'25J^?«S^vX^n. comprise, an arn„„em»« » 25

srrurrt^rr,.r^ixi:;r.trrs^ <»'^'">-^
through said discharge orifice.

wherein the valve means includes an 30

ar*U*e^;t1Sl'r..r; t':;<^:.f^"o «.e ..in,^ -

.

plurality of sites vi/ithin the chamber.
wherein the first and second chambers

,re"joJir„r.'S.?.naSsif:sr.s4i^^
35 disposed between their ends.

wherein the first and second chambers

disposed between or above the chambers.
wherein the first and second chambers

within which the chambers are *sposed ""d *rcMg^^^^^
S^^d component includes a

60 material, or pack therefor, as hereinbefore described or defined.

35

40

50

55


